Background: Gastric cancer (GC) is characterized by aggressive behavior and a high mortality rate.
Introduction
Gastric cancer (GC) is the fifth most common malignant disease worldwide with nearly one million new cases per year [1] . Substantial geographical differences exist, with GC occurring more often in Japan, China, Eastern Europe, and Central and South America, whereas of many organs, including the gallbladder, biliary ducts, pancreas, stomach, colon, prostate, endometrium, and salivary glands [16] . CA 19-9 is predominantly used for prognosis and follow-up in pancreatic adenocarcinoma, but this biomarker is not specific and is expressed in other malignancies, including GC [16, [24] [25] [26] . Increased serum levels of CA 19-9 are detected in 40-60% of patients with GC [26] . The cutoff value of serum CA 19-9 is 37 U/mL. CA 19-9 levels usually are highest in patients with pancreatic cancer or cholangiocarcinoma, but CA 19-9 is rarely extremely elevated in patients with GC [27] . The CA 19-9-positive rates depend on the TNM stage of GC. The data from a Japanese systematic review showed CA 19-9-positive rates of 9, 19.9, 32.2, and 44.7% for stage I, stage II, stage III, and stage IV, respectively [28] .
CA 19-9 has prognostic and predictive value in the late stages of GC, but the lack of sufficient sensitivity and specificity hampers its use as a test for early GC [29, 30] . In a recent study, Feng et al. [14] found a positive serum CA 19-9 in only 4.8% of > 500 early GC patients who underwent radical gastrectomy. In a Finnish study exploring the preoperative serum concentrations of CEA and CA 19-9 in 100 patients with GC and in 77 patients with relevant benign diseases, a sensitivity of 30% and a specificity of 87% were reported for CA 19-9 (cutoff level 37 U/mL) [31] . The authors concluded that CA 19-9 might have an independent prognostic value in patients in late stages of GC, but that its diagnostic value is limited. A recent study from India showed a sensitivity of 42% and a negative predictive value of 63.29% for CA in GC [32] . In a more recent study, Wang et al. [33] enrolled more than 1,600 patients with GC who underwent gastrectomy and were divided into training and validation cohorts. They discovered positive rates of 20.0, 42.3, and 19.2% for preoperative CA 19-9, CA 125, and CEA, respectively. The authors detected a significantly higher positive rate of CA 19-9 in female patients than in male patients and a higher positive rate of CA 19-9 in older patients than in younger patients. In the training cohort, the survival rate was 44% for CA 19-9-positive patients, compared to 63% for patients in the CA 19-9-negative group. Feng et al. [14] also discovered that an elevated CA 19-9 level was associated with female sex and presence of lymph node metastasis.
Sisik et al. [34] demonstrated a significant correlation between elevated CA 19-9 levels (> 100 U/mL) and advanced TNM stages in patients with GC. Most investigators did not find any association between serum CA 19-9 expression and histology of GC [35, 36] .
Data from a Chinese study revealed that the preoperative level of CA 19-9 was closely related to TNM grade, sex, distant metastasis, and ascites in patients with GC, and the authors inferred that CA 19-9 probably plays a significant role in predicting recurrence and metastasis [13] . Monitoring of serum CA 19-9 for recurrence after operation for GC could be beneficial in patients with elevated preoperative levels of CA 19-9, because in such cases CA 19-9 often turns positive a few months before any imaging abnormalities become apparent [28] . A nationwide Japanese prospective study, involving more than 300 participants, showed that CA 19-9 monitoring after operation was useful to predict the recurrence of GC, especially in patients with high preoperative levels of CA 19-9 [37] . In this study, the preoperative sensitivity of CA 19-9 increased from 29.2 to 55.0% for recurrence of GC, but the authors noted that a surge in CA 19-9 and CEA is observed much later compared to revealing of recurrence by imaging in some cases of GC. According to the findings of a Korean study, CA 19-9 was particularly trustworthy as a marker for peritoneal recurrence after radical gastrectomy for GC [38] . Data from a new Slovenian study showed that preoperative CA 19-9 serum levels are connected with a higher risk for hematogenous spread and micrometastases in node-negative patients, although the CA 19-9 serum levels were not sensitive enough [39] .
The measurement of CA 19-9 could also be used for monitoring response and as a prognostic tool in patients with GC who underwent systemic chemotherapy [40] . Jo et al. [41] analyzed the expression of CA 19-9, CA 72-4, and CEA in 1,178 patients with metastatic or recurrent GC before the start of first-line chemotherapy. Of the three markers, only elevated CA 19-9 concentration was significantly associated with shorter survival. However, some investigators challenge the role of CA 19-9 as a reliable tool for early detection of recurrence after curative surgery for GC or chemotherapy. Ohtsuka et al. [18] found that false-positive elevation of CA 19-9 and CEA was often observed after curative resection for GC, particularly in patients with an early stage of cancer and with chronic benign diseases such as bronchitis, liver dysfunction, diabetes mellitus, and renal dysfunction. The authors propose frequent evaluation of tumor markers paired with radiological testing for discrimination between false-positive and true-positive results. Moreover, in a Korean study, a transient surge in CA 19-9 and CEA was detected despite clinical benefits from chemotherapy in patients with metastatic or recurrent GC [42] . These findings prompted the investigators to declare that an initial rise in CA 19-9 or CEA levels after chemotherapy commencement is an unreliable marker for progression and that CA 19-9 or CEA levels should continuously increase 6 or 7 weeks for therapy evaluation.
In a recent Chinese study by Feng et al. [43] in which over 1,900 patients with GC were included, the prognostic value of normal levels of serum CA 19-9, CEA, alpha-fetoprotein (AFP), and CA 125 with cutoff values of 27 U/mL, 5 ng/mL, 8.1 ng/mL, and 35 U/mL, respectively, was estimated. The results reported by the authors showed that CA 19-9 and AFP levels were independent prognostic predictors. Interestingly, even relatively high levels of CA 19-9, AFP, and CA 125, still within the normal range, were associated with poor prognosis. Kim et al. [44] also confirmed the prognostic role of serum CA 19-9 in a study with more than 1,200 enlisted patients with gastric adenocarcinoma. They found that CA 19-9, along with CEA and CA 72-4, was prevalent in patients with lymphatic and venous invasion, serosal involvement, and lymph node metastasis. CA 19-9 was an independent prognostic factor, and patients with elevated CA 19-9 levels possessed a 3.35-fold higher risk of death than patients with low CA 19-9 levels. In a recent meta-analysis, Song et al. [45] corroborated the importance of CA 19-9 in GC. They reported substantial differences in the CA 19-9 levels between early-and advanced-stage groups, pT3/T4 and pT1/T2 groups, lymph nodepositive and -negative groups, metastasis-positive and -negative groups, and vessel invasionpositive and -negative groups. A significant correlation was found between CA 19-9 and poor survival in patients with GC (Table 1) . Xiao et al. [46] , in another meta-analysis, also found that high serum CA 19-9 (> 37 U/mL) was associated with poorer survival in patients with GC (Table 1) .
Notably, elevated serum levels of CA 19-9 are also found in cancers of the pancreas, biliary tree, colon, esophagus, gallbladder, liver, lung, and ovary [16, 23] . Blood levels of CA 19-9 can also be increased in nonmalignant conditions such as pancreatitis, cholecystitis, bronchiectasis, bronchiolitis, emphysema, idiopathic interstitial pneumonia, collagen diseaseassociated pulmonary fibrosis, pleural effusion, tuberculosis, diabetes mellitus, cystic fibrosis, renal failure, autoimmune disorders, gastric ulcer, and benign ovarian cyst, although they are ordinarily much higher in malignancies [15, 16, 23, [47] [48] [49] [50] . CA 19-9 levels can be very high in acute cholangitis, although after therapeutic intervention they fall and return to normal [51] . A considerable elevation in CA 19-9 is seen in patients with chronic hepatitis and liver cirrhosis, and therefore CA 19-9 is not indicative of GC in such cases [52, 53] . Heavy tea consumption could be a rare reason for vastly increased CA 19-9 levels [54] . CA 19-9 can be occasionally increased in apparently healthy individuals for unknown reasons [55, 56] . Approximately 5-7% of the population have the Lewis a-b-phenotype and do not produce CA 19-9. All these drawbacks question the application of CA 19-9 serum measurement under certain conditions in GC. Therefore, CA 19-9 cannot be utilized as a screening tool for GC.
A reasonable approach to increase the effectiveness of serum CA 19-9 measurement in GC patients is to use a CA 19-9 cutoff value > 37 U/mL. Qiu et al. [57] studied more than 180 patients with resectable gastric adenocarcinoma and reported that the specificity to monitor recurrence increased to 93.3 from 60% for CA 19-9-positive patients when the CA 19-9 elevation level was set at 100 U/mL.
CEA in GC
CEA, initially discovered by Gold and Freedman in human colon carcinoma in 1965 [58] , is a glycosylphosphatidylinositol cell surface glycoprotein. CEA, a member of immunoglobulin super family, is an E-and L-selectin ligand that serves as an intercellular adhesion molecule [59, 60] . These data could clarify the connection between enhanced CEA expression and the development and promotion of the metastatic process.
CEA was originally considered a specific tumor marker for colon cancer, but later it was proved that serum CEA could be detected in all endodermal-derived digestive system cancers [61, 62] . The term "carcinoembryonic antigen" was coined because CEA was available in embryonic and fetal digestive tissues [62] .
CEA is routinely used in clinical practice. This is based on the fact that CEA is considerably expressed in tumors and shed in the blood circulation, whereas it is scarcely found in the normal tissues and secreted in low amounts in the serum of adult healthy individuals. CEA is predominantly used as a serum tumor marker in preoperative staging and postoperative follow-up of patients with colon cancer, but increased levels of CEA are also demonstrated in different gastrointestinal, ovarian, urinary tract, breast, lung, and medullary thyroid cancers [8, 9, [63] [64] [65] [66] . Occasionally, elevated serum levels of CEA could be detected in other type of cancers [67] . Elevation of serum CEA could be ascertained in various benign gastrointestinal and hepatic conditions such as pancreatitis, cholecystitis, peptic ulcer disease, liver cirrhosis, hepatitis, inflammatory bowel disease, and benign extrahepatic biliary obstruction [68, 69] . It must be underlined that the levels of CEA in these cases are commonly < 10 ng/mL [69] . We must keep in mind that the liver is the basic site for CEA metabolism and that liver damage could cause higher serum CEA concentrations in patients with concomitant malignancies, including GC.
The elevation of serum CEA in patients with GC depends on the stage of the disease. A normal CEA value is < 2.5 ng/mL for nonsmokers and < 5 ng/mL for smokers. Shimizu et al. [70] found that in patients with resectable GC, the preoperative CEA values and CEA positivity rates were 2.4 ± 1.5 ng/mL and 7.7% for stage I, 24.9 ± 72.0 ng/mL and 10.0% for stage II, 21.6 ± 84.1 ng/ mL and 17.9% for stage III, and 6.3 ± 8.4 ng/mL and 27.1% for stage IV cancers, while in patients with nonresectable cancers, the CEA value was 83.0 ± 235.5 ng/mL and the CEA positivity rate was 47.8%. Of all 252 studied patients with primary GC, 47(18.7%) were positive for CEA.
Measurement of preoperative serum CEA could help in the determination of tumor stage, risk of peritoneal metastases, and prognosis in patients with GC. Wang et al. [12] reported that CEA, along with CA 125, was an independent prognostic factors for overall survival in patients with metastatic or recurrent GC, and CEA was more often found in patients with liver metastases, while CA 125 was more abundant in peritoneal involvement. In a recent study, Nan et al. [71] analyzed the prognostic value of pretreatment serum CEA levels in predicting the outcomes of multiple tumors subjected to treatment, including 77 patients with GC. In the group with GC, they reported that the 3-year survival rate was 70.45% for patients with a serum CEA < 2.885 ng/mL and 33.33% for patients with a serum CEA ≥2.885 ng/mL. A Finnish study by Victorzon et al. [31] explored the prognostic value of CEA and CA 19-9 in patients with GC. The sensitivity of both CEA (cutoff level 3 ng/mL) and CA 19-9 (cutoff level 37 U/ mL) for GC was 30%, and the specificities were 73 and 87%, respectively. A significant difference in prognosis for CEA and CA 19-9 between patients with high versus low preoperative serum levels was observed. The authors also found a significant difference in 5-year survival in stages II, III, and IV between GC patients with high versus low preoperative serum levels only for CA 19-9 and concluded that high preoperative CEA serum levels could predict higher disease stage, but that both CEA and CA 19-9 play a restricted role in the diagnosis of GC. Tachibana et al. [72] studied the correlation between serum CEA levels and clinicopathologic features as well as prognostic information in 196 patients with resectable GC. They found that CEA-positive patients were characterized by more macroscopically infiltrative tumors, more prominent serosal invasion, more frequent lymph node involvement, and a more advanced stage than CEA-negative patients. CEA-positive patients had 3-and 5-year cumulative disease-specific survival rates of 39.6 and 31.7%, respectively, while CEA-negative patients had much more favorable 3-and 5-year cumulative disease-specific survival rates of 83.0 and 77.3%, respectively. Similar results were obtained in a Korean study, in which the GC patients with preoperative serum CEA levels > 10.0 ng/mL had a more noteworthy serosal and lymphatic invasion, more advanced stage, and more poorly differentiated GC than the patients with preoperative serum CEA levels < 5.0 ng/mL [73] . The survival rate of patients with serum CEA levels > 10.0 ng/mL was poorer than that of patients with serum CEA levels between 5.0 and 10.0 ng/mL and that of patients with serum CEA levels < 5.0 ng/mL. Horie et al. [74] discovered that plasma CEA could reach extreme values of > 1,000 ng/mL in patients with signet ring or poorly differentiated GC and without liver metastasis. They also found that enhanced plasma CEA concentration could discriminate patients with lymph node and peritoneal metastasis. Conversely, Mattar et al. [35] did not detect any correlation between CEA and CA 19-9 levels and the stage of GC. They also reported that serum levels of CA 72-4, CEA, CA 19-9, and AFP were not associated with the histological types of GC.
Choi et al. [38] claimed that positive serum CEA could be used as a marker for recurrence to the liver in GC patients who were treated with radical gastrectomy. In the study of Shimizu et al. [70] , the patients with GC recurrence had a CEA value averaging 41.8 ± 101.8 ng/mL, with a positivity rate of 63%, and the highest rate was reported in patients with liver metastasis. They found increased CEA levels about 4.8 months before the clinical detection of cancer recurrence in 4 of 13 patients with GC recurrence. A recent meta-analysis by Deng et al. [75] confirmed the association of elevated pretreatment serum CEA levels with a poor prognosis for GC and a nearly doubled risk of mortality in GC patients ( Table 1 ). The authors concluded that serum CEA may serve as an independent prognostic factor for patients with GC and that CEA could facilitate therapeutic decisions in CEA-positive patients. Sun and Zhang [76] reported a positive predictive value for clinical disease progression after neoadjuvant chemotherapy in GC patients with a CEA > 50 ng/mL and a significant reduction in CEA, CA 72-4, and CA 125 after neoadjuvant chemotherapy.
The impediments of CEA use as a tumor marker for GC are associated with its insufficient sensitivity and low specificity due to the observed elevated CEA levels in different cancers and versatile benign conditions. Smoking must also be considered when interpreting serum CEA levels, because smokers tend to have higher levels of serum CEA than nonsmokers [77] [78] [79] . Age also influences the results of serum CEA measurement, and otherwise healthy elderly individuals could display higher levels of CEA than young people [79, 80] . In accordance with the data for CA 19-9, an initial CEA surge could also be recognized after the beginning of chemotherapy in patients with metastatic or recurrent GC [41] .
CA 72-4 in GC
CA 72-4, initially described by Colcher in 1981 [81] , is a mucin-like, high-molecularweight protein which was designated as a tumor-associated glycoprotein-72 (TAG-72) antigen [81, 82] . TAG-72 antigen was defined as an oncofetal pancarcinoma antigen because TAG-72 was found in different epithelial-derived cancers and in fetal colon, stomach, and esophagus, whereas expression of TAG-72 was not observed in normal adult tissues [83] . Increased serum levels of CA 72-4 are detected predominantly in patients with gastrointestinal and gynecological cancers, but CA 72-4 can present in the serum of patients with pancreatitis, liver cirrhosis, pneumonia, rheumatic illness, and ovarian cysts, too. The normal result for serum CA 72-4 varies for different laboratories with a range from < 2.5 to < 7 U/mL.
The results from different studies during the last decades support the idea for the diagnostic and prognostic role of CA 72-4 in GC. Guadagni et al. [84] demonstrated that serum TAG-72 as measured by the CA 72-4 assay could play a role in the diagnosis of late GC and in the prediction of disease recurrence. In a Japanese study by Hamazoe et al. [85] , CA 72-4 and CEA serum levels were measured in 86 patients with GC. The results showed that CA 72-4 levels were increased with significantly higher frequency compared to CEA in patients in late stages, in patients with Borrmann type 4, and in patients with peritoneal metastasis. CA 72-4 levels were decreased 1 month after gastrectomy in 25 of 39 patients with resected cancers, and in each of 4 patients with recurrence, postoperative lower serum CA 72-4 levels were followed by elevation of CA 72-4. Based on these data, the investigators concluded that CA 72-4 was highly specific to GC and could be a better tumor marker than CEA for GC patients. Goral et al. [86] reported significant high levels of serum CA 72-4 in GC patients, and the CA 72-4 elevation was more pronounced in patients with liver metastases. Guadagni et al. [87] reported a sensitivity of approximately 40% for CA 72-4 in GC and colorectal cancer and of 50% in ovarian cancer, with an overall specificity of > 95%. Safi et al. [88] reported a sensitivity of 61% for serum CA 72-4, whereas CEA and CA 19-9 were positive in 37% of patients with GC. CA 72-4 serum levels were correlated with GC stage as CA 72-4 was positive in 31, 48, 68, and 88% of patients with stage I, II, III, and IV disease, respectively. Moreover, CA 72-4 appeared to be more sensitive than CEA and CA 19-9 in detecting recurrences of GC. Spila et al. [89] reported that serum CA 72-4 showed higher sensitivity compared with either CA 19-9 or CEA in a study with 242 patients with primary or recurrent GC. They found that positive serum CA 72-4 levels were correlated with lymph node involvement, poor prognosis, and advanced stage of GC, while postoperative disappearance of CA 72-4 was associated with curative surgery and longer disease-free interval. In the systematic review of Shimada et al. [28] , the highest positive rates of 30% was reported for CA 72-4 in patients with GC compared to 21.1 and 27.8% for CEA and CA 19-9, respectively. In agreement with previous data, a Brazilian study by Mattar et al. [35] showed a higher CA 72-4 positivity rate for GC of 47.7% compared to CEA (25%), CA 19-9 (25%), and AFP (0%). The CA 72-4 level was connected with the stage of GC, because serum CA 72-4 was positive in 9% of patients at stages I and II and in 60.6% of patients at stages III and IV. Conversely, data from the study by Joypaul et al. [10] showed that CA 72-4 had a slightly lower sensitivity of 42% compared to 46% for CA 19-9 in the preoperative diagnosis of GC, although the specificity of CA 72-4 was 100 and 72% for CA 19-9. Postoperative serum CA 72-4 rose to diagnostic values from near-normal levels almost 6 months before clinical diagnosis of recurrence, and the authors presumed that postoperative serial measurements of CA 72-4 could reveal early recurrences in GC patients. Marrelli et al. [90] also reported a higher preoperative positivity for serum CA 19-9 (35%) than for CA 72-4 (20%) in patients with GC, while the preoperative positivity for serum CEA was 16%.
The important role of serum CA 72-4 for the follow-up of GC was identified in an Italian longitudinal study with more than 160 included patients [91] . Approximately half of the patients with recurrent GC had positive presurgical CA 72-4 levels compared to approximately 24% of the patients who remained free of disease. Moreover, the median preoperative serum CA 72-4 levels were significantly increased in relapsing patients and the CA 72-4 level was an independent prognostic factor in predicting recurrence. The data from a French study revealed that pretherapeutic positive CA 72-4 levels were associated with a worse prognosis in males with metastatic GC and normal values of CA 19-9 and CEA, but CA 72-4 showed lack of significance as an independent prognostic factor when adjusted for CA 19-9 and sex [92] . The results from a retrospective study with 184 GC patients who underwent a 5-fluorouracil, leucovorin, and oxaliplatin (FOLFOX) neoadjuvant chemotherapy regimen followed by surgical treatment showed that a decrease (> 70%) in CA 72-4 may predict pathologic response to neoadjuvant chemotherapy [76] .
In a recent study, Yu et al. [36] studied the serum levels of CEA, CA 19-9, and CA 72-4 in 216 patients with gastric adenocarcinoma. They found that the serum levels of CA 72-4, along with those of CEA and CA 19-9, did not show a significant difference according to sex, age, or histological classification.
The data about comparatively good CA 72-4 sensitivity and sizable specificity label CA 72-4 as the optimal serum tumor marker for patients with GC. The results from a Chinese meta-analysis showed that CA 72-4 was the most correlative serum tumor marker for GC in the Chinese population among CA 72-4, CA 242, CA 19-9, CEA, CA 125, and CA 15-3, and significantly superior to others (Table 1 ) [93] . Nevertheless, the measurement of serum CA 72-4, like the measurement of CA 19-9 and CEA, is not the preferred test for screening of GC. CA 72-4 could be successfully used in the staging and monitoring for recurrence of patients with GC.
Combined Usage of CA 19-9, CEA, and CA 72-4 in GC Findings from studies in GC patients support the hypothesis that combined use of serum tumor markers could increase their utility in clinical practice. Joypaul et al. [10] detected that CA 72-4 and CA 19-9 had sensitivities of 42 and 46% for the preoperative detection of GC, but the combined sensitivity for the two was 63%. Marrelli et al. [90] detected that the sensitivity in 75 recurrent cases from 133 GC patients who underwent potentially curative surgery was 44% for CEA, 56% for CA 19-9, and 51% for CA 72-4, while the combined use of the CEA, CA 19-9, and CA 72-4 increased the sensitivity to 87%, which reached 100% in patients with positive preoperative levels. Mattar et al. [35] also found that the combination of preoperative serum CA 72-4, CEA, and CA 19-9 increased the sensitivity to 61.4% in patients with GC. Recent concordant data presented by Yu et al. [36] showed that the combined positive rate of serum CEA, CA 19-9, and CA 72-4 was significantly elevated (44.91%) compared to the individual CEA (22.69%), CA 19-9 (18.98%), and CA 72-4 (22.69%) positivity rates in patients with GC. They supposed that the reason for the higher sensitivity of CEA, CA 19-9, and CA 72-4 combination compared to isolated biomarkers is less co-presentation of CEA, CA 19-9, and CA 72-4 in patients with GC. The results from the systematic review by Shimada et al. [28] showed that combinations of CEA, CA 19-9, and CA 72-4 are the most effective ways for staging before surgery or chemotherapy in patients with GC. Jing et al. [94] reported that the combined detection of serum CEA, CA 19-9, CA 24-2, and CA 72-4 showed greater sensitivity and specificity in GC and cardiac cancer patients. In a recent study, Liang et al. [29] investigated the serum CEA, CA 19-9, and CA 72-4 levels in more than 2,200 patients with GC and more than 1,800 healthy volunteers or patients with benign gastric diseases. They found that the serum levels of CEA, CA 19-9, and CA 72-4 were higher in the GC patients than in the control group and that the sensitivity of CEA, CA 19-9, and CA 72-4 in the diagnosis of GC was 20.1-27.6% individually and increased to 48.2% when the three biomarkers were combined. Interestingly, they created an equation which demonstrated better accuracy and diagnostic efficiency compared to the combination of CEA, CA 19-9, and CA 72-4.
Conclusion
The serum tumor markers CA 19-9, CEA, and CA 72-4 are not suitable for screening and early diagnosis in GC. However, they could contribute to the diagnosis of advanced GC, serve as prognostic tools, predict recurrent or metastatic disease, and help in posttherapeutic follow-up (Table 2 ). Combined measurement of CA 19-9, CEA, and CA 72-4 in GC patients could elevate their sensitivity. The interpretation of the data for serum levels of CEA, CA 19-9, and CA 72-4 in GC patients must be done cautiously, especially in cases where the concentrations of these tumor markers are borderline or not very high. Regular measurement of the serum CEA, CA 19-9, and CA 72-4 levels in proper intervals probably will raise specificity. Large prospective studies are needed to validate the clinical significance of serum CA 19-9, CEA, and CA 72-4 in GC.
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